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THE CEPHEID LUMINOSITY SCALE 
Edward G. Schmidt  
Department o f  Phys ics  and Astronomy 
U n i v e r s i t y  o f  Nebraska 
L i n c o l n ,  Nebraska, U.S.A. 
The d i s t a n c e  moduli o f  g a l a c t i c  c l u s t e r s  c o n t a i n i n g  classical 
Cepheids a r e  be ing  redetermined u s i n g  t h e  four -co lo r  and H6 pho tomet r i c  
system. The r e s u l t s  f o r  f o u r  c l u s t e r s  a r e  p r e s e n t e d  h e r e  and i t  is  
found t h a t  t h e  d i s t a n c e  moduli a r e  smaller t h a n  p r e v i o u s  va lues .  
P o s s i b l e  r e a s o n s  f o r  t h i s  d i s c r e p a n c y  are d i scussed .  
INTRODUCTION 
The l u m i n o s i t i e s  o f  Cepheids a r e  i m p o r t a n t  i n  t h e  c o n t e x t  o f  pul -  
s a t i o n  t h e o r y  because  t h e y  can be used t o g e t h e r  w i t h  e f f e c t i v e  tempera- 
t u r e s  t o  de te rmine  t h e  p u l s a t i o n a l  masses o f  t h e s e  stars. When t h i s  i s  
done w i t h  c u r r e n t l y  a c c e p t e d  t empera tu re  and l u m i n o s i t y  s c a l e s ,  t h e  
p u l s a t i o n a l  masses are i n  good agreement w i t h  t h e  e v o l u t i o n a r y  masses. 
However, as d i s c u s s e d  i n  t h e  review p a p e r s  by J .P .  Cox and R.S. S t o b i e  
a t  t h i s  col loquium,  t h e  b e a t  and bump masses a r e  s t i l l  t o o  low when 
t r a d i t i o n a l  homogeneous envelopes  a r e  used. S i n c e  t h e  e v o l u t i o n a r y  
masses  a r e  g e n e r a l l y  though t  t o  be c o r r e c t  and s i n c e  t h e  p u l s a t i o n a l  
masses a g r e e  w i t h  them, most e f f o r t s  t o  a l l e v i a t e  t h i s  d i s c r e p a n c y  
have  been d i r e c t e d  a t  i n c r e a s i n g  t h e  bump and b e a t  masses. However, 
i t  should  be n o t e d  t h a t  t h i s  v iewpoint  i s  dependent  t o  a  c o n s i d e r a b l e  
e x t e n t  on t h e  l u m i n o s i t y  s c a l e  which i s  used i n  o b t a i n i n g  t h e  pu l sa -  
t i o n a l  masses. 
The l u m i n o s i t i e s  o f  Cepheids i n  common u s e  a r e  based on t h o s e  
Cepheids which are members o f  g a l a c t i c  c l u s t e r s .  The l u m i n o s i t i e s  o f  
t h e  Cepheids were determined from t h e  d i s t a n c e  moduli o f  t h e  c l u s t e r s  
which were o b t a i n e d  from t h e  main-sequence f i t t i n g  method, Although 
t h i s  i s  a  w e l l  known method which h a s  been used f o r  many y e a r s ,  t h e r e  
are a number of f a c t o r s  which might  affect t h e  r e s u l t s  ob ta ined .  
The Hyades main-sequence was used t o  set t h e  z e r o  p o i n t  of t h e  
zero-age main sequence. Thus, changes i n  t h e  d i s t a n c e  o f  t h e  Hyades 
w i l l  e n t e r  w i t h  f u l l  weight  i n t o  t h e  d i s t a n c e  s c a l e .  It now a p p e a r s  
t h a t  v a r i o u s  methods o f  o b t a i n i n g  t h e  d i s t a n c e  o f  t h e  Hyades a r e  
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coming t o  be i n  good agreement ( f o r  d i s c u s s i o n s  o f  t h i s  p o i n t ,  see 
d e  Vaucouleurs 1978 and Hansen 1980) and t h i s  is probab ly  no l o n g e r  a n  
i m p o r t a n t  s o u r c e  o f  u n c e r t a i n t y .  However, when v a r i o u s  c l u s t e r s  a r e  
f i t t e d  t o g e t h e r  t o  s e t  up t h e  ZAMS o r  t o  o b t a i n  t h e  d i s t a n c e s ,  i t  i s  
n e c e s s a r y  t o  assume t h a t  t h e  main sequences  are a l l  i d e n t i c a l .  Van den 
Bergh (1977) h a s  a rgued  t h a t  t h e  c l u s t e r s  w i t h  Cepheid members a r e  
l i k e l y  t o  be less  metal r i c h  t h a n  t h e  Hyades and t h a t  t h i s  w i l l  c a u s e  
t h e  d i s t a n c e  moduli t o  be over -es t ima ted  by pe rhaps  0.15 mag. A f u r -  
t h e r  d i f f i c u l t y  w i t h  main-sequence f i t t i n g  arises due  t o  con tamina t ion  
by f i e l d  stars. Because t h e  c l u s t e r s  w i t h  Cepheid members a r e  a l l  
r e l a t i v e l y  d i s t a n t ,  a r e  g e n e r a l l y  s u b s t a n t i a l l y  reddened and are c l o s e  
t o  t h e  g a l a c t i c  p l a n e ,  foreground f i e l d  stars are e a s i l y  confused w i t h  
c l u s t e r  members. For  example, in  NGC 129 i t  was found t h a t  h a l f  of t h e  
stars which appeared  t o  be among t h e  B s t a r s  o f  t h e  c l u s t e r  were i n  
f a c t  fo reground  stars. F i n a l l y ,  i t  should  be n o t e d  t h a t  e v o l u t i o n a r y  
effects can  cause  d i f f i c u l t i e s  w i t h  t h e  main-sequence f i t t i n g .  F o r  a n  
example o f  t h e  d i f f i c u l t i e s  i n t r o d u c e d  by t h e  combination o f  e v o l u t i o n  
and con tamina t in ,  t h e  r e a d e r  i s  r e f e r r e d  t o  t h e  s t u d y  o f  M25 by van 
den Bergh (1978) .  I n  t h e  HR diagram which van den Bergh shows, i t  can 
be  s e e n  t h a t  among t h e  b r i g h t e r  s t a r s  e v o l u t i o n  i s  a problem whi le  
among t h e  f a i n t e r  stars t h e r e  i s  enough con tamina t ion  t h a t  t h e  l o c a t i o n  
o f  t h e  main-sequence i s  n o t  obvious.  C l e a r l y  c o n s i d e r a b l e  judgement i s  
r e q u i r e d  t o  o b t a i n  t h e  d i s t a n c e  modulus. 
I n  view o f  t h e  impor tance  o f  t h e  Cepheid l u m i n o s i t y  scale and t h e  
p o t e n t i a l  d i f f i c u l t i e s  w i t h  t h e  main-sequence f i t t i n g  method, i t  would 
be  d e s i r a b l e  t o  o b t a i n  independent  d i s t a n c e  estimates f o r  t h e  c l u s t e r s  
i n  q u e s t i o n .  T h i s  paper  r e p o r t s  on a program which i s  i n  p r o g r e s s  
w i t h  t h i s  purpose.  
THE OBSERVATIONS 
The B s t a r s  i n  c l u s t e r s  w i t h  Cepheid members a r e  be ing observed i n  
t h e  Stromgren four -co lo r  and HB system. The use  o f  t h i s  system a v o i d s  
t h e  problems mentioned above i n  connec t ion  w i t h  t h e  main-sequence f i t -  
t i n g .  The c a l i b r a t i o n  o f  t h e  system i s  independent  o f  t h e  Hyades and 
s i n c e  B s t a r s  are being observed,  t h e  method is  n o t  a f f e c t e d  by d i f f e r -  
e n t i a l  b l a n k e t i n g  between v a r i o u s  c l u s e r s .  It i s  p o s s i b l e  t o  d iscr im-  
i n a t e  a g a i n s t  l a t e  t y p e  foreground s t a r s  which appear  i n  t h e  f i e l d  o f  
a reddened c l u s t e r  and t h e  e f f e c t s  o f  e v o l u t i o n  on t h e  HB i ndex  a r e  
small and w e l l  c a l i b r a t e d .  
The f o u r  c l u s t e r s  f o r  which t h e  o b s e r v a t i o n s  have been ana lyzed  
are l i s t e d  i n  Tab le  1. The d i s t a n c e  moduli i n  t h e  f o u r t h  column are 
t h o s e  g i v e n  by Sandage and Tamann (1969) and i n c r e a s e d  by 0.2 magni- 
t u d e s  f o l l o w i n g  Sandage and Tammann (1976).  The c a l i b r a t i o n  o f  t h e  
i n t e r m e d i a t e  band photometry o f  Crawford (1978) was used w i t h  t h e  
p r e s e n t  photometry t o  o b t a i n  t h e  d i s t a n c e  moduli i n  t h e  n e x t  column. 
The s e v e n t h  column g i v e s  t h e  number o f  stars observed i n  e a c h  c l u s t e r  
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TABLE 1 
True Dis tance  Modulus 
S tandard  Stars Stars 
C l u s t e r  Cepheid P e r i o d  S.&T. P r e s e n t  e r r o r  Observed Re jec ted  
NGC 7790 CE Cas a  d  5.1 12.73 11.98 - +0.15 16 5  
CE Cas b  4.5 
CF Cas 4.9 
M2 5  USgr 6.7 9.18 8.44 20.15 17 5 
NGC 129 DL Cas 8.0 11.98 10.93 20.19 22 11 
NGC 6087 S Nor 9  - 8  9.96 9.60 - +0.09 16 5 
whi le  t h e  f i n a l  column i n d i c a t e s  how many were r e j e c t e d  as non-members. 
Data f o r  two o f  t h e  c l u s t e r s ,  NGC 129 and NGC 6087, are a l r e a d y  pub- 
l i s h e d  (Schmidt 1980b, c )  whi le  t h e  o t h e r  two d i s t a n c e  moduli are 
based on unpubl ished photometry. 
It can be s e e n  t h a t  t h e  p r e s e n t  d i s t a n c e  moduli are smaller t h a n  
t h e  p rev ious  v a l u e s  by between .4 and .8 mag. T h i s  r e s u l t  i s  d i s p l a y e d  
i n  terms o f  t h e  p u l s a t i o n  masses i n  F i g u r e  1. The p u l s a t i o n a l  masses 
( s o l i d  c i r c l e s  w i t h  e r r o r  b a r s )  i n  t h a t  diagram were o b t a i n e d  w i t h  t h e  
p r e s e n t  d i s t a n c e  moduli. Also shown a r e  e v o l u t i o n a r y  masses (open 
c i r c l e s )  f o r  t h e  same stars. It can be s e e n  t h a t  t h e r e  is a s i g n i f i c a n t  
mass d i sc repancy  p r e s e n t .  T h i s  would n o t  be t h e  c a s e  u s i n g  Sandage 
and Tammann d i s t a n c e s .  Also shown f o r  comparison are t h e  masses of 
beat Cepheids (open t r i a n g l e s )  and bump Cepheids ( f i l l e d  t r i a n g l e s )  
which were o b t a i n e d  from t h e  l i t e r a t u r e  ( F r i c k e  - e t -= a1 7 1972; King 
e t  a1 1975; S t o b i e ,  1977).  These masses were a l l  c a l c u l a t e d  from 
--* 7 
homogeneous envelope models which had no magnetic f i e l d s .  
F i g u r e  1. The masses o f  t h e  Cepheids p l o t t e d  a g a i n s t  t h e i r  pe r iods .  
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POSSIBLE EXPLANATIONS FOR THE DISCREPANCY 
We mentioned above v a r i o u s  f a c t o r s  which might  a f f e c t  t h e  d i s t a n c e  
moduli o b t a i n e d  from t h e  main-sequence f i t t i n g  technique .  Here we w i l l  
c o n s i d e r  t h e  d i f f i c u l t i e s  which might affect t h e  d i s t a n c e  moduli o b t a i n e d  
from t h e  in termedia te-band photometry. 
I n  Tab le  1 i t  can be s e e n  t h a t  we have  observed between 16 and 22 
s t a r s  i n  each  c l u s t e r .  I n  most c a s e s  t h e  number i s  l i m i t e d  by t h e  num- 
b e r  o f  B s t a r s  i n  t h e  c l u s t e r  and t h e  f a i n t n e s s  o f  t h e  s t a r s .  I n  any 
e v e n t ,  main-sequence f i t t i n g  i s  g e n e r a l l y  done w i t h  a  l a r g e r  sample o f  
s t a r s .  However, t h e  r e s u l t s  from t h e  p r e s e n t  photometry should  n o t  be 
a f f e c t e d  a d v e r s e l y  by t h i s .  T h i s  can be seen  from t h e  r e l a t i v e l y  s m a l l  
i n t e r n a l  e r r o r s  o f  t h e  d i s t a n c e  moduli. I t  is  f u r t h e r  shown i n  
F i g u r e  2. The V -6 diagram f o r  s t a r s  i n  two o f  t h e  c l u s t e r s .  
0 
F i g u r e  2 where w e  have p l o t t e d  t h e  a p p a r e n t  magnitudes o f  t h e  s t a r s  
observed i n  two o f  t h e  c l u s t e r s  a g a i n s t  t h e  HB i n d i c e s .  The a r rows  
show t h e  s i z e  o f  t h e  e v o l u t i o n a r y  c o r r e c t i o n s  f o r  stars which r e q u i r e d  
them. The s o l i d  c u r v e  i s  t h e  r e l a t i o n  between t h e  a b s o l u t e  magnitude 
and t h e  HB index  a d j u s t e d  t o  t h e  Sandage and Tammann d i s t a n c e  moduli. 
I t  can be s e e n  t h a t  t h e r e  i s  a c l e a r  d i s c r e p a n c y ;  i n  each  c l u s t e r  on ly  
one  s t a r  s c a t t e r s  enough from t h e  rest  t o  r e a c h  t h e  s o l i d  curve.  Thus 
t h e  d i s c r e p a n c y  is  n o t  due t o  random e r r o r s  o r  t o  t o o  small a  sample 
o f  stars. 
To e x p l a i n  t h e  p r e s e n t  e f f e c t  by s y s t e m a t i c  e r r o r s  i n  t h e  photom- 
e t r y  would r e q u i r e  e r r o r s  i n  t h e  HB i n d i c e s  o f  0.03-0.04 mag. as can 
be s e e n  i n  F i g u r e  2. Such l a r g e  e r r o r s  a r e  ve ry  u n l i k e l y .  However, 
w e  can make a f u r t h e r  check by comparing t h e  p r e s e n t  photometry f o r  
NGC 6087 and f o r  s t a r s  i n  t h e  f i e l d  n e a r  1 Car (Schmidt 1980a) w i t h  
independent  o b s e r v a t i o n s .  made by Eggen (1977,  1980).  The s y s t e m a t i c  
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d i f f e r e n c e s  between t h e  p r e s e n t  photometry and t h a t  o f  Eggen a r e  less  
t h a n  0.008 mag. f o r  a l l  i n d i c e s .  T h i s  i n d i c a t e s  t h a t  t h e  photometry 
i s  a c c u r a t e l y  on t h e  s t a n d a r d  system. 
The a b s o l u t e  magnitude c a l i b r a t i o n  o f  t h e  i n t e r m e d i a t e  band pho- 
tometry  i s  a f u r t h e r  p o s s i b l e  s o u r c e  o f  d i f f i c u l t y .  The c l u s t e r s  
s t u d i e d  h e r e  are similar t o  t h e  P l e i a d e s  and t h e  a P e r  c l u s t e r s  i n  a g e  
and t h e  l o c a t i o n  of t h e  tu rn -o f f  p o i n t .  S i n c e  t h e s e  two c l u s t e r s  were 
used by Crawford as t h e  b a s i s  f o r  h i s  c a l i b r a t i o n  f o r  B s t a r s ,  i t  
should  be r e l i a b l e  i n  t h i s  r eg ion .  A f u r t h e r  check can be made by 
u s i n g  t h e  independent  c a l i b r a t i o n  o f  Eggen (1976).  When t h e  d i s t a n c e s  
were rede te rmined  u s i n g  t h a t  c a l i b r a t i o n  i t  was found t h a t  t h e  d i s -  
t a n c e s  dec reased  by between 0.0 and 0 .3  mag. T h i s  r e d u c e s  t h e  d i s -  
c repancy s l i g h t l y  b u t  does  n o t  e l i m i n a t e  it .  
I n  de te rmin ing  t h e  mean d i s t a n c e  moduli ,  some s t a r s  have been 
o m i t t e d  a s  presumed f i e l d  stars ( a s  i n d i c a t e d  i n  Table  1). The r e a s o n s  
f o r  o m i t t i n g  i n d i v i d u a l  stars i n c l u d e d  t h e i r  p o s i t i o n  i n  t h e  [ml  1 -[cl] 
diagram, t h e i r  l o c a t i o n  i n  t h e  B - cl  diagram o r  t h e i r  having c o l o r  
e x c e s s e s  o r  d i s t a n c e  moduli c o n s i d e r a b l y  d i f f e r e n t  t h a n  t h e  o t h e r  c l u s -  
ter  stars. I n  t h e  c a s e  o f  NGC 7790, t h e  i n c l u s i o n  o f  t h e  r e j e c t e d  
stars would o n l y  i n c r e a s e  t h e  mean modulus by 0.2 mag whi le  i n c l u d i n g  
t h e  r e j e c t e d  s t a r s  f o r  NGC 129 would d e c r e a s e  t h e  modulus cons ide rab ly .  
I f  w e  i n c l u d e d  a l l  t h e  s t a r s  i n  NGC 6087 and i n  M 25,  t h e  mean moduli 
o f  t h e s e  two c l u s t e r s  would be brought  i n t o  agreement w i t h  t h e  Sandage 
and Tammann va lues .  However, t h e  s t a r s  i n  q u e s t i o n  a r e  more d i s t a n t  
t h a n  any o f  t h e  o t h e r  s t a r s  i n  t h e  c l u s t e r  by more t h a n  1 . 5  magnitudes 
s o  t h e i r  r e j e c t i o n  i s  reasonab le .  Thus, i t  a p p e a r s  t h a t  t h e  r e j e c t i o n  
of non-members i s  a n  impor tan t  p o i n t  b u t  i s  n o t  adequa te  t o  e x p l a i n  
t h e  d i s t a n c e  s c a l e  d i sc repancy .  
F i n a l l y ,  i n  view o f  t h e  f i n d i n g  by Schmidt (1978) t h a t  some s t a r s  
i n  NGC 129 and M 25 a p p e a r  t o  be helium-weak stars, we should  c o n s i d e r  
whether  a tmospher ic  hel ium abundance w i l l  a f f e c t  t h e  d e r i v e d  d i s t a n c e  
moduli. C a l c u l a t e d  HB i n d i c e s  (Schmidt  1979) i n d i c a t e  t h a t  changing 
t h e  number f r a c t i o n  o f  hel ium from 0.1 t o  0.05 w i l l  change t h e  index by 
less t h a n  0.007 mag. T h i s  co r responds  t o  a n  e r r o r  i n  t h e  a b s o l u t e  mag- 
n i t u d e  o f  less  t h a n  0 .1  mag. We t h e r e f o r e  conclude  t h a t  t h e  p resence  
of he l ium weak stars i s  u n l i k e l y  t o  cause  t h e  observed e f f e c t .  I n  t h i s  
w e  a r e  assuming, o f  c o u r s e ,  t h a t  t h e  helium-weak phenomenon i s  a n  atmos- 
p h e r i c  e f f e c t  and does  n o t  r e f l e c t  t h e  o v e r a l l  i n t e r i o r  abundances o f  
t h e  s t a r s .  
CONCLUSIONS 
The d i s c r e p a n c y  between t h e  l u m i n o s i t y  s c a l e  f o r  Cepheids d e r i v e d  
from t h e  i n t e r m e d i a t e  band photometry and t h e  p r e s e n t l y  a c c e p t e d  s c a l e  
r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  We have d i s c u s s e d  v a r i o u s  f a c t o r s  
which might  a f f e c t  t h e  p r e v i o u s  work and which might  a f f e c t  t h e  p r e s e n t  
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method but  w e  a r e  unable a t  t h i s  time t o  provide a d e f i n i t e  explanat ion.  
However, s i n c e  t h e r e  i s  no obvious problem with t h e  in te rmedia te  band 
photometry we should g i v e  s e r i o u s  cons ide ra t i on  t o  t h e  p o s s i b i l i t y  t h a t  
t h e  Cepheid luminosi ty  s c a l e  might r e q u i r e  some rev is ion .  
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DISCUSSION 
A. COX: I am s i t t i n g  h e r e  a lways  t r y i n g  t o  f i g u r e  o u t  how t o  g e t  o u t  
of t h e  box.  What k i n d  of B stars a r e  t h e s e ?  
SCHMIDT: They are B7 t o  B8 ma in ly .  They a r e  f a i r l y  c o o l .  
A. COX: Then l e t  me make my remark,  which may n o t  be  s o  s t r o n g .  
There  i s  a n  i d e a ,  n o t  y e t  a c c e p t e d ,  t h a t  t h e  B stars have  c o n v e c t i o n  i n  
which t h e  t u r b u l e n c e  decays  v e r y  s l o w l y .  Cloutman and Whi t ake r  have  
shown t h a t  you do e x t e n d  t h e  main sequence  l i f e t i m e ,  b u t  you a l s o  make 
i t  much more luminous  because  you have  a l o t  more hydrogen and you b u r n  
i t  more v i g o r o u s l y .  T h i s  cou ld  be  a r e a s o n  f o r  making t h e s e  stars a 
l o t  b r i g h t e r  t h a n  you t h o u g h t .  
SCHMIDT: Except  t h a t  t h e  c a l i b r a t i o n  i s  a l l  e m p i r i c a l ,  ba sed  on  c l u s -  
t e r s  v e r y  s i m i l a r  t o  t h e s e .  I f  t h e  e f f e c t  i s  g o i n g  on  i n  t h e s e  c l u s t e r s ,  
p resumably  i t  i s  go ing  on i n  t h e  c a l i b r a t i o n  c l u s t e r s .  W e  ough t  t o  be  
g e t t i n g  t h e  r i g h t  answer .  
A. COX: How do you g e t  t h e  a g e s  of t h e  c l u s t e r s ?  
SCHMIDT: The a g e s  d o n ' t  come i n .  The Crawford c a l i b r a t i o n  i s  based  
m a i n l y  on two c l u s t e r s ,  t h e  a P e r s e u s  c l u s t e r  and t h e  P l e i a d e s .  The 
a P e r s e u s  c l u s t e r  i s  v e r y  s i m i l a r  t o  t h e s e .  I t  even  h a s  a P e r s e i  which 
i s  -a lmost  a Cepheid.  I t h i n k  t h e  c a l i b r a t i o n  i s  p r e t t y  s e c u r e .  I t  
s h o u l d  b e  c o n s i d e r a b l y  b e t t e r  t h a n  f o r  t h e  e a r l i e r  B s tars .  
FERNIE: B s t a r s  f r e q u e n t l y  have  b i n a r y  companions. Do you t h i n k  
t h i s  c o u l d  have  a  s y s t e m a t i c  e f f e c t ?  
SCHMIDT: Again,  t h e  b i n a r i e s  have  been  l e f t  i n  t h e  c a l i b r a t i o n  and 
s o ,  o n  t h e  a v e r a g e ,  t h a t  ough t  n o t  t o  a f f e c t  a n y t h i n g .  It i s  ha rd  t o  
imag ine  t h a t  t h e s e  c l u s t e r s  a r e  s y s t e m a t i c a l l y  d i f f e r e n t  i n  b i n a r y  con- 
t e n t  t h a n  t h e  a P e r s e u s  c l u s t e r  and t h e  P l e i a d e s  b u t ,  o b v i o u s l y ,  t h a t  
does  have  some e f f e c t .  Crawford e s t i m a t e s  t h a t  someth ing  l i k e  a c o u p l e  
t e n t h s  of  a magn i tude  i s  t h e  i n t r i n s i c  s c a t t e r  which i n c l u d e s  b i n a r i e s  
and  o t h e r  e f f e c t s  t h a t  a r e  i n t r i n s i c .  
SIMON: I would l i k e  t o  s a y  t h a t  I t h i n k  my c o l l e a g u e  h a s  done a 
v e r y  good j o b .  I t h i n k  t h e  o b s e r v e r s  s h o u l d  have  more t o  s a y .  T h i s  i s  
a  v e r y  s e r i o u s  t h i n g  h e  i s  p r o p o s i n g .  
PERCY: Can you compare t h i s  s c a l e  w i t h  t h e  Barnes-Evans mechod s c a l e ?  
SCHMIDT: My u n d e r s t a n d i n g  i s  t h a t  t h e i r  p r e s e n t  s c a l e  i s  c l o s e  t o  
t h e  Sandage and Tarnmann s c a l e .  
PERCY: Does t h i s  t h e n  i n t r o d u c e  a  d i s c r e p a n c y  f o r  which you have  no 
e x p l a n a t i o n ?  
SCHMIDT: That  i s  r i g h t .  
BARNES: Our p r e s e n t  s c a l e  makes t h e  Cepheids b r i g h t e r  by a b o u t  O W 3  
+ - 0?2 from t h e  Sandage-Tamrnann s c a l e .  I t  goes  t h e  o t h e r  way. 
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